Microfluidic systems with free definable sensor spots by an integrated light-addressable potentiometric sensor  by Wagner, Torsten et al.
Procedia Engineering 25 (2011) 791 – 794
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.12.194
Available online at www.sciencedirect.com
Proc. Eurosensors XXV, September 4-7, 2011, Athens, Greece 
Microfluidic systems with free definable sensor spots by an 
integratedlight-addressable potentiometric sensor 
Torsten Wagnera*, Ko-ichiro Miyamotoa, Noriko Shigiharaa,  
Michael J. Schöningb, Tatsuo Yoshinobua,c
aDepartment of Electronic Engineering, Tohoku University, 6-6-05 Aramaki Aza Aoba, Aoba-ku, Sendai, Miyagi 980-8579, Japan 
bInstitute of Nano- and Biotechnologies, Aachen University of Applied Sciences, Jòlich Campus, 52428 Jòlich, Germany 
cDepartment of Biomedical Engineering, Tohoku University, 6-6-05 Aramaki Aza Aoba, Aoba-ku, Sendai, Miyagi 980-8579, Japan 
Abstract 
The integration of sensors in microfluidic systems is of special interest to build up lab-on-chip devices 
or micro-total-analysis-systems (ȝTAS). Those systems allow quick and cost-effective analysis with a 
minimum need of sample volumes. One drawback of present systems is the rigid sensor layout which has 
to be defined early during the design and the manufacturing of a new lab-on-chip system. This work will 
present the utilization of a light-addressable potentiometric sensor (LAPS) in combination with a 
microfluidic set-up, for the flexible adjustment of the size, the shape and the location of sensor spots at 
operation time. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The light-addressable potentiometric sensor (LAPS) as depicted in Figure 1 is capable to addressing 
different regions of the sensor structure by local illumination with a modulated light beam. After applying 
a dc voltage across the sensor structure a space-charge region will be formed at the 
insulator/semiconductor interface. Only in the illuminated region an externally detectable photocurrent 
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will be generated depending on the local width of the space-charge region in the semiconductor sandwich 
structure. The width of the space-charge region itself is locally affected by the chemical analyte 
concentration above the sensor surface and hence, the amplitude and phase of the resulting photocurrent 
reflects these local variations of the analyte concentration. The size, shape and position of the 
measurement spot are freely selectable by the adjustment of the light beam. Therefore, a LAPS-based 
sensor unlike other sensor principles, e.g., microelectrodes, does not require additional structuring on the 
sensor surface to read out different sensor spots. Furthermore, the sensor spots are not limited to a fixed 
layout which would have been set during manufacturing process; the entire sensor surface of a LAPS 
structure is freely addressable at the time of the measurement itself. More information about the LAPS 
principle can be found in [1-4]. A microfluidic channel on top of the LAPS can be easily manufactured 
due to the flat and homogeneous sensor surface, since a LAPS sensor itself can easily serve as a substrate 
for microfluidic set-ups. In combination LAPS and a microfluidic cell allow guiding, mixing and stirring 
of fluids as well as the detection of an analyte concentration for different process steps within the fluid 
channel. Due to the free addressability of the LAPS, the shape of the microfluidic channel can be freely 
selected to serve the needs of a particular task and measurement spots can be defined at run time at 
different points of interest within the microfluidic. 
2. Method and Experimental 
The LAPS chip consists of a n-type silicon, a silicon oxide and a silicon nitride layer. The sensor 
structure was contacted by a reference electrode at the top side via the analyte solution and by a gold 
contact at the rear side of the sensor chip. The new LAPS system provides fast and accurate addressability 
via a digital mirror device (DMD) (introduced in [5]) with the possibility to adjust measurement spots 
freely at run time (see Figure 1). A computer is used to define the shape, size and position for the desired 
measurement spots. These parameters will be sent to a controller board (beagle-board from Texas 
Instruments). The controller board generates the necessary video images and takes care of an exact timing 
and control of the DMD projector. An exact control is necessary to synchronize the resulting photocurrent 
signals with the generated light patterns. The recording of the photocurrent for the defined measurement 
spot is performed by amplification of the generated photocurrent via a transimpedance amplifier and 
digitalization of the resulting output voltage by a data acquisition card. The data acquisition card provides 
in addition the dc-bias voltage which is required to operate the LAPS structure in the desired working 
point. An (online) photographic image, e.g., from a video camera, of the LAPS surface with the 
Fig. 1: a) Schematic of the LAPS set-up based on a DMD mirror, which is utilized to address different measurement spots. b) 
Experimental set-up including the pico-projector and controller unit to define measurement spots as well as the LAPS measurement 
cell. The LAPS read-out electronic and the reference electrode are not shown for clarification. 
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microfluidic channels can be used as feedback to the LAPS software on the PC to assist in the selection of 
desired measurement spots. This enables a dynamic adaption of the measurement spots according to the 
final position and shape of the microfluidic cell. The definition of multiple measurement spots is possible 
to record different points of interest in a multiplexed manner as schematically shown in Figure 2.  
3. Results and Discussion 
Figure 3a depicts an optical image of a LAPS surface with an additional polymeric resist. The LAPS 
sensor was used to find the position of this resist by determine the increase of the impedance due to the 
additional layer which results in a decrease of the photocurrent. Figure 3b depicts the resulting chemical 
image. To generate this image an array of measurement spots was defined and the LAPS structure was 
read out sequentially spot-by-spot in a raster like manner. The image was generated by translating the 
position of the measurement spots into pixel coordinates and representing the resulting photocurrent in a 
colour mapping. The effect of the resist is clearly visible as a drop in the recorded photocurrent. Figure 4 
depicts a scan of a simple meander shaped fluidic cell. The fluidic cell was filled with a pH 7 buffer 
solution and the reference electrode was connected to the outlet of the fluidic cell. The measurement spot 
size was set to be 430x430μm2. The obtained image consists of 1536 measurement spots and it took about 
4 min to record the complete image. 
The combination of a microfluidic cell on top of a LAPS structure showed several advantages over 
conventional set-ups with predefined measurement areas. The microfluidic assembly on the sensor chip 
prior to measurement does not need an exact alignment of the different cell compartments, due to the easy 
adjustability of the measurement spots. Furthermore, exact positing of certain objects is rather difficult 
Fig. 2: Schematic of a microfluidic cell attached to the LAPS sensor. The red areas indicate measurement spots defined by the new 
LAPS system to determine the concentration of the individual analytes A and B and their product directly after mixture P(0) and at a 
later time P(1). All measurement spots are freely selectable at run time. 
Fig 3: Example of a chemical image obtained by a LAPS device based on a DMD mirror. A polymer resist on the sensor surface 
(a) can be identified as dark areas due to a decrease of the photocurrent (b). The operator can now freely select a measurement spot 
in the image (a) to record changes of the photocurrent at particular points of interest. 
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since they might be generated in-situ without the possibility of much control of the operator (e.g., the 
place of adhesion of cells in cell culturing, or bottom-up processes in nanotechnologies, like the 
placement of nanowires and nano particles, etc.). Those objects require an exact localization of a good 
resp. valid measurement spot in advance of the actual measurement. The LAPS principle can be utilized to 
search for those areas within a microfluidic set-up, by scanning along the sensor surface as shown in 
Figure 3 and Figure 4. Furthermore, the free definition of only a small number of measurement spots as 
illustrated in Figure 2 enables fast scanning and hence only little time delay between different 
measurement spots. The present system can address and read out a measurement spot in about 160 ms and 
hence, measurement spots as illustrated in the schematic illustration in Figure 2 could be read out with a 
sample frequency of 6.4 Hz. This enables the system to detect fast changes as they might occur during 
different operations mode (e.g., pumping, mixing, etc.) in a microfluidic cell. 
The present set-up is capable to address up to 153,600 individual measurement spots with a minimum spot 
size of 43×43 ȝm2 within an area of 20.8 × 13.9 mm2. This enables the definition of precisely shaped 
measurement spots even within large microfluidic set-ups. 
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a) b) 
Fig 4: Example of a chemical image for a simple microfluidic cell. The meander shaped channel was micro-machined  with the 
help of a metal mask as shown in (a) as reference. An image of the resulting photocurrents was obtained with the DMD-based 
LAPS set-up as shown in (b). The channel was flushed with a pH 7 buffer solution and the reference electrode was placed close to 
the outlet (upper side of the image).  
